Central venous catheter; Catheter placement; The unnecessary application of catheter Abstract Background and objectives: Perioperative physicians occasionally encounter situations where central venous catheters placed preoperatively turn out to be unnecessary. The purpose of this retrospective study is to identify the unnecessary application of central venous catheter placement and determine the factors associated with the unnecessary application of central venous catheter placement. Methods: Using data from institutional perioperative central venous catheter surveillance, we analysed data from 1,141 patients who underwent central venous catheter placement. We reviewed the central venous catheter registry and medical charts and allocated registered patients into those with the proper or with unnecessary application of central venous catheter according to standard indications. Multivariate analysis was used to identify factors associated with the unnecessary application of central venous catheter placement. Results: In 107 patients, representing 9.38% of the overall population, we identified the unnecessary application of central venous catheter placement. Multivariate analysis identified emergencies at night or on holidays (odds ratio [OR] 2.109, 95% confidence interval [95% CI] 1.021---4.359), low surgical risk (OR = 1.729, 95% CI 1.038---2.881), short duration of anesthesia (OR = 0.961/10 min increase, 95% CI 0.945---0.979), and postoperative care outside of the intensive care unit (OR = 2.197, 95% CI 1.402---3.441) all to be independently associated with the unnecessary application of catheterization. Complications related to central venous catheter placement when the procedure consequently turned out to be unnecessary were frequently observed (9/107) compared with when the procedure was necessary (40/1034) (p = 0.032, OR = 2.282, 95% CI 1.076---4.842). However, the subsequent multivariate logistic model did not hold this significant difference (p = 0.0536, OR = 2.115, 95% CI 0.988---4.526). * Corresponding author. E-mail: seninoue@naramed-u.ac.jp (S. Inoue). 021---4,359), baixo risco cirúrgico (OR = 1,729; IC 95%: 1,038-2,881), curta duração da anestesia (OR = 0,961/10 min de aumento; IC 95%: 0,945---0,979) e assistência pós-operatória fora da unidade de terapia intensiva (OR = 2,197; IC 95%: 1,402---3,441), todos independentemente associados à aplicação desnecessária de cateterização. Complicações relacionadas à colocação de cateter venoso central, quando esse procedimento revelou-se desnecessário, foram frequentemente observadas (9/107), em comparação com a necessidade da execução desse procedimento (40/1.034) (p = 0,032, OR = 2,282; IC 95%: 1,076---4,842). Porém, o modelo logístico multivariável subsequente não manteve essa diferença significativa (p = 0,0536, OR = 2,1515; IC 95%: 0,988---4,526). Conclusões: É preciso que uma análise mais cuidadosa seja feita sobre a colocação de cateter venoso central em casos de cirurgia de emergência à noite ou em feriados, durante cirurgia de baixo risco, em anestesia de curta duração ou em casos que não requeiram terapia intensiva no pós-operatório.
Introduction
Central venous catheters (CVCs) provide reliable venous access for a variety of medical needs. Standard indications for insertion include need for venous access (including need for frequent blood sample collection), monitoring, cardiac pacing, hemodialysis, and centrally administered intravenous therapies (for example, inotropes, vasopressors, total parenteral nutrition, chemotherapy, and long term antibiotics). 1 However, insertion of CVCs is associated with important risks, including catheter-related bloodstream infections, mechanical injuries, and venous thromboembolism. 1 Nevertheless, we think that it is preferred to perform CVC placement with expanded indications during the perioperative periods in case of unforeseen circumstances. Expanding the indications for CVCs during restricted periods may be feasible from the point of view of risk management; however, we may need to reconsider the indications for CVCs during the perioperative period, and take into consideration the CVC-related complications, as situations in which CVCs placed preoperatively turned out to be unnecessary throughout the hospital stay occur with some frequency.
Because the risk for CVC-related adverse outcomes increases with time, the early removal of CVCs that are no longer clinically warranted is a key strategy for prevention of adverse events. 2, 3 We propose that a more promising strategy is the prevention of the unnecessary application of CVC placement in advance. For that purpose, it is important to ascertain factors that distinguish the unnecessary application of CVC placement from the proper application of CVC placement during the perioperative period. We can identify factors associated with the unnecessary application of CVC placement by investigating the situations where physicians applied CVCs that were not used throughout the intra-and post-operative process.
Our institute has conducted perioperative CVC surveillance as a part of our medical quality improvement. Registration with this surveillance service is required in our institute, with a registration form to be filled out and submitted whenever CVC placement is performed perioperatively. Using this surveillance system and review of each patient's medical charts, we investigated whether CVCs placed preoperatively were used properly according to the initial reasons for CVC placement. Based on this investigation, we attempted to determine the factors associated with these unnecessary applications of CVC placements.
Patients and methods
Approval for the review of clinical charts of patients who underwent CVC placement during the perioperative period in the operating room was obtained from the Nara Medical University Institutional Review Board (No. 696 approved on 6/17/2013), and written informed consent for this retrospective observational study was waived.
Perioperative patient treatment and CVC surveillance
Methods of anesthetic induction, maintenance, and tracheal intubation were at the operator's discretion. Typically, general anesthesia was induced with intravenous propofol (1---2.5 mg.kg −1 ) plus fentanyl (0.1---0.2 g.kg −1 ) and/or remifentanil (0.2---0.3 g.kg −1 .min −1 ). Tracheal intubation was performed under laryngoscopy and facilitated by rocuronium (0.6---0.9 mg.kg −1 ). After induction of anesthesia, CVC placement was performed when deemed necessary. Preoperative patient evaluation was made by a consultant anesthetist in charge at the preoperative anesthesia consultation clinic. Application of CVCs was discussed and roughly determined at that time. However, the final determination of CVC application was usually concluded through discussion between the attending physicians including anesthetists and surgeons. In case of a resident anesthetist, the final determination of CVC application was made after consulting a senior anesthetist. Usually, anesthetists had a priority to judge the indication for CVC placement in most cases because most of the reasons for acceptable indication of CVC placement were directly related with intraoperative management. The approach site for CVC placement depended on the operator's preference or type of surgery; however, the most common site was the right jugular vein. Occasionally, the femoral or cubital vein was used. According to the institutional CVC protocol, CVC placement was performed with a surface landmark-guided technique coupled with prescan vessel imaging using ultrasonography (US); however, real-time US-guided CVC placement was also performed according to the operator's preference. After completion of anesthesia, the operator in charge filled out the registration for perioperative CVC surveillance service, which was designed to help improve CVC practice and prevent further complications. This form includes the operator's name, the name of the physician who performed the CVC placement, the reason for CVC placement (central venous pressure monitoring, parenteral nutrition, drug administration, rapid infusion against massive bleeding, alternatives for difficulty of peripheral catheterization, routes for cardiac devices), the site of approach, number of catheter lumens, use of US, number of attempts of insertion, the patient's demographic variables, information on final diagnosis and surgical procedures (later categorized into three classes based on the modified surgical risk stratification), 4 background illnesses (hypertension, diabetes mellitus, coronary artery disease, history of heart failure, lung disease), duration of anesthesia and surgery, ASA physical status, urgency of surgery (emergency or elective), intraoperative patient positioning, requirement of transfusion, requirement of postoperative intensive care, and adverse events related to CVC placement (arterial puncture, hematoma formation, arrhythmia, etc.).
Determination of the unnecessary application of CVC
The reasons considered justifiable for CVC are in Table 1 . 5, 6 Even in cases for which the initial criteria were satisfied, CVC placement was considered to be unjustified if eventually the catheter was not used properly. However, CVC placement was considered to be justified if eventually the catheter was used properly even for another reason. CVC procedures were divided into the proper and unnecessary application following review of the CVC registry and medical charts. One of the authors (KU) initially judged each CVC placement, and each judgment was reviewed by SI or MK.
Data handling
Data were collected between January 2009 and December 2013, during which time there were 21,606 anesthesia cases. There were 1731 CVC surveillance service registrations during this period. However, cases that included cardiovascular surgery were excluded from data analysis because CVCs were invariably placed and used according to the institutional anesthesia protocol and not depending on the operator's preference. Patients <15 years old were also Table 1 Acceptable indication of CVC placement and determination of unnecessary application of CVC.
Acceptable CVC placement
No peripheral access and need for intravenous medication Hemodynamic monitoring Receipt of total parenteral nutrition Administration of vasopressors or inotropes Tw o intravenous medications simultaneously administered due to necessity rather than convenience Hemodynamic instability due to intraoperative blood loss of more than 1500 mL 5, 6 CVC, central venous catheter.
All anesthesia cases n=21606
Cases without CVC n=19885
Cases < 15 years old n=79
Cases of cardiovascular surgery n=500
Cases missing data sets n=1
Remaining cases n=1721
Remaining cases n=1642
Remaining cases n=1142
Remaining cases n=1141 
Statistical analysis
Univariate analysis was used to identify candidate factors associated with the unnecessary application of CVC placement. Candidate variables (patient's demographics, preoperative comorbid conditions, who performed CVC catheterization (trainee or anesthetist; a trainee was defined as a medical school graduate, who had a medical qualification, in a 2 yr mandatory clinical training programme currently on rotation in the anesthesia department (for a couple of months) or a trainee anesthetist in a 2 yr training programme after the mandatory training.), duration of anesthesia and surgery, patient positioning, surgical risk categorized into low (low risk) or high (intermediate and high risk) risk based on the modified surgical risk stratification, surgical site, emergency at night or on holiday, postoperative Intensive Care Unit (ICU) admission, and transfusion requirement) were selected. Explanatory factors with significant univariate association (p < 0.20) with the unnecessary application of CVC placement were used to construct a forced-entry multivariable logistic regression model, presented as adjusted odds ratios with 95% confidence intervals (CI). Interactions between the variables were systematically searched, and collinearity was considered when r or rho > 0.8 by Pearson or Spearman coefficient matrix correlation. Discrimination of the final model for the unnecessary application of CVC placement was assessed by the likelihood ratio test. Calibration of the model was tested using the Hosmer---Lemeshow statistical method. The area under the receiver operating characteristic curve was computed for use as a descriptive tool for measuring the bias of the model. Lastly, the complication rate related to CVC placement was compared between the unnecessary and proper application of CVC placement. Regarding this analysis, more confounders should be related with the complication related to CVC placement. Therefore, a forced-entry multivariable logistic regression model was applied to this analysis. Construction of the model was performed in the same manner. Data are expressed as mean and SD for the normal distribution or medians and IQR for the non-Gaussian distribution. Comparison of two means was performed using Student's t-test, comparison of two medians was performed using the Mann---Whitney's U test, and comparison of two proportions was performed using the Fisher exact method. We used the MedCalc statistical package (Version 14.12.0, MedCalc Software bvba, Ostend, Belgium) to perform all analyses in this study.
Results
We analyzed data from 1141 patients; 107 patients, representing 9.38% of the overall population, were judged to have received the unnecessary application of CVC placement. Any initial judgment for the unnecessary application of CVC placement was not rejected. Thus, eventually the judged catheters had not been used properly even for another justified reason. Table 2 shows the initial reasons for CVC placement on both unnecessary and proper application of catheterizations. The reasons for CVC placement were similar (p = 0.13); however, 107 catheters were not used properly after insertion as per CVC placement based on the reason for the placement. Patient data and perioperative characteristics were compared between patients in both categories (Table 3) . Univariate analysis indicated short stature, low weight, female gender, high grade ASA physical status, presence of co-existing disease, emergency at night or on holiday, degree of surgical risk, small amount of intraoperative bleeding, bloodless surgery, short duration of anesthesia and surgery, and cases without postoperative ICU admission were all extracted as candidates associated with the unnecessary application of catheterization for the next multivariate analysis. Collinearity between duration of anesthesia and surgery (r > 0.99) and between ASA physical status and presence of co-existing disease (rho = 0.831) was found. Therefore, duration of surgery and ASA physical status were removed from candidate variables. Collinearity between duration of surgery and surgical risk (rho = 0.422) and between duration of anesthesia and surgical risk (rho = 0.412) was not observed. Multivariate analysis identified emergency at night or on holiday (odds ratio [OR] 2.109, 95% confidence interval (95% CI) 1.021---4.357), low surgical risk (OR = 1.729, 95% CI 1.038---2.881), short duration of anesthesia (OR = 0.961 per 10 min increase, 95% CI 0.945---0.979), and cases without postoperative ICU admission (OR = 2.197, 95% CI 1.402---3.441) to be independently associated with the unnecessary application of catheterization (Table 4) . Discrimination of the final models assessed by the likelihood ratio test was significant for these variables (p < 0.001). The Hosmer---Lemeshow analysis suggested an acceptable calibration (p = 0.592). The explanatory model based on these variables had an area under the receiver operating characteristic curve of 0.730 (95% CI 0.703---0.755). A post hoc power calculation for this forced-entry multivariable logistic regression model using ten variables was conducted. We followed standard methods to estimate sample size for multivariable logistic regression, with at least ten outcomes needed for each included independent variable. 7 With the incidence of the unnecessary 
Items of complications
Arterial puncture, n (%) 6 (1.7) 14 (1.4) Hematoma formation, n (%) 1 (0.9) 9 (0.9) Arrhythmia, n (%) 0 (0) 6 (0.6) Others, n (%) 2 (1.9) 13 (1.3) Total, n (%) 9 (8.4) 42 (4.1)
CVC, central venous catheter. The value is presented as the odds ratio on incidence of complication for unnecessary CVC placement against necessary CVC placement. Tw o cases in unnecessary application of CVC placement simultaneously developed two complications, which were arterial puncture + hematoma or hematoma + arrhythmia. That is why the total items of complications were more than the total number of cases. Regarding ''others'' in this table, a reporter for CVC registration form selected and marked an answer from a list of adverse events, which was consist of ''arterial puncture'', ''hematoma formation'', ''arrhythmia'', and ''other''. Therefore, any details in others are not known beyond that. Probably, they were not severe complications. For example, they were catheter tip malposition, in which the catheter was retrogradely placed to the innominate or subclavian vain through the right jugular vein or accidental removal of a guide wire during the procedure. application of central catheterization of 107/1141 (9.38%) in this population, we required 1066 operations of central catheterization to appropriately perform multivariable logistic regression with ten variables, which demonstrates that our sample size was sufficient to build the model. Complications related to CVC placement when it was performed unnecessarily were frequently observed compared to when CVC placement was necessary (p = 0.032, OR = 2.282, 95% CI 1.076---4.842) ( Table 5 ). The most common complication was arterial puncture (39.2%) followed by hematoma formation (19.6%) and arrhythmia (11.8%) ( Table 5 ). However, the multivariate analysis including age, gender, and the unnecessary application of catheterization as candidate variables showed that any variable was not independently associated with complications related to CVC placement (Table 6) . CVC placement by trainee or with use of US was not extracted as a candidate for this model from the univariate analysis for CVC complications. Discrimination of the final model assessed by the likelihood ratio test was significant (p < 0.0159). Furthermore, the Hosmer---Lemeshow statistic did not reject a logistic regression model fit (p = 0.2325). Post hoc power calculations were performed for this forced entry multivariate logistic regression model using 3 variables in the model. We followed standard methods to estimate the sample size for multivariate logistic regression, with at least ten outcomes needed for each included independent variable. 7 With a 4.29% (49/1141) incidence of complication in the study population, we required 699 patients to appropriately perform multivariate logistic regression. This demonstrates that our sample sizes were sufficient to build the models.
Discussion
This study found that cases where emergency surgeries during the night or on holidays, cases of low risk surgeries, cases with short durations of anesthesia, and cases without postoperative intensive care were all prone to the unnecessary application of placement of CVCs, which means that placed CVCs were not properly used during the hospital stay. We additionally found that these unnecessary applications of CVC procedures tended to have a higher rate of CVC related complications although any obvious association with CVC related complications was not founded from the subsequent multivariate analysis.
It was previously found that weekend admission to the surgical ICU was associated with an increased hospital mortality rate. 8 It has been suggested that deaths often occur out of regular hours, at night, when staffing levels are low or when staff are more tired. 9 Therefore, attending medical staff tend to apply excessive preventive measures in advance, including preoperative ordering of blood products, multiple intravenous line placements, arterial line placement, and CVC placement, in order to make up for the manpower shortage during nights and holidays. While these excessive preparations may provide staff with a sense of security while managing patients when staffing levels are low, we note that excessive preventive measures result in wasting medical resources and spoil risk management strategies, potentially resulting in increases in CVC related complications such as those noted in this study.
In this study, CVCs were not used with higher frequency in patients who received postoperative care outside of the ICU. It has previously been reported that patients receiving care outside of the ICU were much more likely to have a CVC that was not clinically justified. 5 In this report, the authors suggested that after patient transfer from the ICU to the regular unit, CVCs may unnecessarily remain in place. However, we found that some attending staff performed CVC placement for borderline cases that may need care in the ICU; however, when the patients were not admitted to the ICU, most CVCs remained in place but were not used. It has been reported that clinicians on the general medicine floor are frequently unaware of the presence of CVCs in hospitalized patients, while critical care physicians were more likely to be aware of CVCs. 10 However, it seems to be a logistic problem in our institution that CVCs of patients being transferred to the ward remain in place without being used and without the staff of the wards even to be aware of the presence of the CVCs. Considering that one important mainstay of safety in medical care is to anticipate situations and it may be preferred to place a CVC in a borderline or unclear case, even if it is not used, than to not place it and suddenly have to manage an acute instable case without the catheter. Therefore, the solution to this should be better documentation and communication and not to withhold CVCs intraoperatively from patients who will probably need them. Similarly, this might be applicable to emergency surgeries during the night or on holidays.
It has been proposed that optimal fluid management is crucial for patients who undergo major and prolonged surgery. However, the optimal perioperative fluid regimen for major noncardiac surgery is unclear. 11 Recently, it has been advocated that fluid management should be performed according to goal-directed intraoperative therapy, although this is still a matter of debate.
11---13 To provide goal-directed intraoperative therapy, most protocols use central venous pressure monitoring, central venous oxygen saturation monitoring, and vasoactive or inotropic supports, all of which require CVCs. In our institute, the institutional standard protocol recommends anesthesia management according to goal-directed intraoperative therapy for major and prolonged surgery. Besides, an anesthesiology textbook clearly says that CVC placement and direct measurement of central venous pressure are frequently performed in patients undergoing major surgery.
14 Conversely, minor and short surgery does not always require CVCs. Therefore, it is reasonable that we found unnecessary applications of CVC procedures more frequently performed in cases of low risk and short duration of anesthesia. To put it another way, unnecessary application of CVC placement may be the result of overestimation of the duration or risk of cases. To evaluate this assumption, it might be important to see the differences between actual and preoperative estimated duration of surgery and bleeding. Unfortunately, however, records regarding preoperative estimated duration of surgery and bleeding are not available.
Causes for the greater tendency of CVC related complications in the unnecessary application of CVC placement are unknown. This result could be a coincidence. However, we would like to emphasize that CVC related complications can occur with a certain probability regardless whether CVC placement is necessary or not. CVC related complications in the unnecessary application of CVC placement implies that we resulted in providing patients only with exposure to the risk of complications. Registration form submission only reported short-term complications such as arterial puncture, hematoma formation, catheterization induced arrhythmia, etc. Catheter Related Blood Stream Infection (CRBSI) is one of major complications of CVC related complications. Unfortunately, in this study, we did not investigate the incidence of this complication. However, it is not unreasonable to think that the unnecessary application of CVC placement can increase the incidence of CRBSI because medical staff tends to pay less attention to unused catheters. 10 There are a couple of limitations to this study. Because of the observational cohort nature of the study design, there is the possibility that we may have missed important confounding factors related to the unnecessary application of CVC placement. First, we performed a medical record based follow-up study to investigate whether CVCs placed preoperatively were used properly. Because of this, our determination of unnecessary or proper application of CVC placement depended on the accuracy of the medical documentation. In addition, the CVC registry used in this study is a self-reporting system in regards to CVC related complications; report of complications required the attending physician to consider the incident to be related to CVC placement. However, we note that the complications used for data analysis in this study are very clear, and thus there is little concern about the self-reporting system. Lastly, our study represents an audit of clinical practice at an individual institution and our findings might not be generalizable to the practice of anesthesiology as a whole.
In conclusion, we found that approximately 10% of CVC practices performed in the operating room were consequently unnecessary. Emergency surgery during the night or on holiday shifts and cases that did not receive care in the ICU postoperatively appears to have more frequently unnecessary application of CVCs. In addition, cases of low risk surgery or cases with short anesthesia duration may not require placement of CVCs placed in the operating room. Therefore, we suggest careful consideration before application of CVC placement in the above situations.
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